This paper shows a comparison of the results of return, risk, and risk price simulation by a modified and classic Fama-French model. The modified model defines the new ICAPM state variable as a function of the structure of a company's past financial results. The model tests are run on the basis of stocks listed on the Warsaw Stock Exchange. In light of the classic model the risk price, on the tested market, turned out univariate due to HML, however, in light of the modified model, risk price turned out to be threedimensional due to the proposed factors, and market portfolio. The factors of the modified model, compared with the HML and SMB, are widely perceived by portfolio managers, and the simulation results indicate a greater possibility to use this pricing application by large institutional investors.
Introduction
Most of the existing pricing procedures of securities are based on the capital pricing theory (CAPM) or arbitrage pricing theory (APT). The APT developed by Ross (1976) assumes that returns are generated by an unknown number of unknown factors. Similarly, the ICAPM generalized by Merton (1973) is based on a market portfolio and k factors dependent on unknown state variables. We can see considerable similarities between both theories; however, differences are due to methodological reasons. The differences between the theoretical assumptions have no impact on the pricing. The practical implementations of both theories come down to testing the models which assume a linear form of the stochastic discount factor.
Designing new applications of pricing is justified because neither ICAPM nor APT define the known pricing factors. On the other hand, even the most famous literature algorithms do not always generate the correct returns on the tested markets.
The Fama-French (1993) model (FF hereafter) propose HML and SMB factors, as the functions of state variables: capitalization and book to market value indicator. Extensive research conducted since the mid-twentieth century has shown a significant relationship between these variables and future returns. Examples are offered by the works of Stattman (1980) , Rosenberg, Reid and Lanstein (1985) , Reinganum (1981) , Lakonishok and Shapiro (1986) or Fama and French (1992) . However, only in 1995, did Fama and French indicate that direct factor generating the future returns is the structure of earnings in the last five-year period, while the capitalization and book to market values, dependent on earnings, indirectly affect pricing. Fama and French (1996) underlined those factors simultaneously generating returns and earnings are still unknown, which should be investigated. This logic conclusively confirms the need for the building of new pricing procedures.
At the turn of the 20th and 21st centuries, various tests of CAPM and ICAPM applications were proposed. Also, CCAPM applications were investigated. Examples include the work of Carhart (1995) , Lettau and Ludvigson (2001) , Yogo (2006) or Petkova (2006) , which were tested on the US market. The most famous research study is probably that of Carhart (1995) in which the author modifies the classic FF three factor model, proposing a fourth factor as a one-year momentum. Lettau and Ludvigson (2001) propose conditional applications of the CAPM and CCAPM models. They argue that conditional applications better describe returns in comparison with unconditional applications. Yogo (2006) proposes the factorial application of CCAPM, using durable and nondurable consumption. The author concludes that durable consumption well describes changes in business cycles, and should be the main factor explaining returns. Petkova (2006) shows that the replacement of HML and SMB by innovations in the aggregate dividend yield, term spread, default spread, and one-month T-bill increase the model's explanatory power as compared with the classic FF model.
Research on the Polish market focused on testing the classic CAPM. Examples testing the ICAPM applications are the works of Zarzecki et al. (2004 Zarzecki et al. ( -2005 , Kowerski (2008), Czapkiewicz and Wójtowicz (2014) or Urbański (2011 Urbański ( , 2012 . Kowerski tested the classic FF model on the basis of monthly observations in the historical period of 1995 -2005 . Czapkiewicz and Wójtowicz (2014 tested the Carhart (1995 ) model in 2003 -2012 . Urbański (2011 , 2012 used the research results of FF (1995) and proposes the aggregated two and three factor models as the ICAPM applications. Urbański, in his previous works, tested the proposed model on 15 portfolios formed in one direction, using Cochrane's (2001, p. 435) advice. The tests performed on the Polish market in 1996-2005 show far lower pricing errors in the case of an aggregated model as compared with the FF three factor model. However, the procedure of testing both models (although complying with Cochrane's recommendations) differs from the FF (1993) proposition. The classic FF three factor model is based on 25 portfolios formed in the two directions, which is reflected by state variables of the ICAPM application. The final section presents the conclusions.
Theoretical basis of the Fama and French model modifications
The basic pricing equation of any asset can be presented by dependency (1) if and only if the law of one price is reasonable (see Cochrane, 2001, pp. 63-65) :
where: p it is the current asset price i, m t+1 is the stochastic discount factor (SDF), x i,t+1 is a future pay-out.
Defining an asset return as: 
In the case of the three-factor ICAPM application SDF is a linear function (3) of return of the market portfolio RM  , and two factors which take into account the influence of two hypothetical state variables 1 S  i 2 S  . These variables should secure all future nature states.
If a risk free asset exists, and its return is (see Cochrane, 2001 , p. 13):
the pricing model (2) takes the following form: In the further work FF (1995, pp. 153-154) conclude: "If the average-return relations are due to rational pricing, then (i) there must be common risk factors in returns associated with size and BE/ME, and (ii) the size and book-to-market patterns in returns must be explained by the behaviour of earnings. … The evidence presented here shows that size and BE/ME are related to profitability." At the end of the paper the authors pose two questions which have not been answered yet: "(i) What are the underlying economic state variables that produce variation in earnings and returns related to size and BE/ME? (ii) Do these unnamed state variables produce variation in consumption and wealth that is not captured by an overall market factor and so can explain the risk premiums in returns associated with size and BE/ME?" (see FF, 1995, p. 154 
Conjecture
The economic state variable that produces variation in the future earnings and returns related to size and BV/MV is a vector of structure of the past long-term differences in profitability.
The adopted general state variable can be reflected by functional FUN, defined by equations (5), (6) and (7).
NUM nor ROE nor AS nor APO nor APN FUN DEN nor MV E nor MV BV
where:
F j (j = 1, …, 6) are transformed to normalized areas <a j ; b j >, according to Eq. (7):
In Equations (6) and (7), the corresponding indications are as follows: ROE is a return on book equity;
are values that are accumulated from the beginning of the year as net sales revenue (S), operating profit (PO) and net profit (PN) at the end of "i" quarter (Q i );
are average values, accumulated from the beginning of the year as S, PO and PN at the end of Q i over the last n years (the present research assumes that n = 3 years); MV/E is the market-to-earning value ratio; E is the average earning for the last four quarters; MV/BV is the market-to-book value ratio; a j , b j , c j , d j , e j are variation parameters. In equilibrium modelling F j (j = 1, …, 6) can be transformed into the equal normalized area <1; 2> (see Urbański, 2011) .
The constructed functional FUN represents an investor constructing a portfolio, using the structure of the past long-term differences in profitability, which consists of the best fundamental and undervalued stocks. FUN is dependent on company evaluation indicators, occurring in the numerator and company market pricing indicators in the denominator. As far as the classification of companies to the portfolio is concerned, I base this on the criterion that I define as optimal the FUN value calculated for all companies listed in a given market. F j variables are functions of company evaluation indicators (for j = 1, …, 4) and functions of pricing indicators (for j = 5, 6).
Given that F j may change considerably, FUN value may be frequently impacted in a major or minor way. For this reason, it is necessary to transform all F j variables to match the appropriately defined standardized areas, in accordance with Equation (7). It must be noted that parameters The investment is more attractive if the FUN value is greater (Urbański, 2011) .
A representative investor can successively achieve above-average returns on condition of the correct predictions of economic states that determine the future value of assets. If investments on the basis of FUN allow for achieving above-average returns, then the relation between FUN and the resultant of different, both known and unknown investment methods, can be concluded.
These investment methods should predict future states of nature. In other words -functional FUN should determine state variables which will secure future investment payments.
Research conducted by Urbański (2011) In the case of the proposed multifactor model, as the modification of the FF three factor model, parameters of equation (4) are defined as follows: 
The proposed financial pricing model (9) can be tested in two passes (10a) and (10b). 
Data and range of research

Results and analysis
The dependent variable of regressions (10) Table 7 presents the values of parameters of regressions (10b), and statistics testing the multifactor efficiency of generated portfolios by the classic and modified FF models. Shanken (1992) adjusting for errors-in-variables. GRS-F is the F-statistic of Gibbons et al. (1989) that the generated portfolios are multifactor efficient. Q A (F) reports F-statistic and its corresponding p-value indicated below for the Shanken test (1985) that the pricing errors in the model are jointly zero. R 2 LL is a measure, follows Lettau and Ludvigson (2001) , showing the fraction of the cross-sectional variation in average returns that is explained by each model and is calculated as follows: In the case of the modified FF model the perceived risk price is multidimensional due to HMLN, LMHD and market portfolio factors, and amounts to 4, 3 and 10% per quarter, respectively. However, in the case of the classical FF model the risk is priced only due to the HML factor, and amounts to 5% per quarter.
There is no basis to reject the zero hypothesis which presumes that both models generate multifactor efficient portfolios, which is confirmed by the values of the GRS-F and Q A
statistics. -sell priced companies (big DEN), the higher returns are for bad financial companies (low NUM).
Conclusions
5. In light of the modified FF model the risk price is three-dimensional due to HMLN, LMHD and market portfolio factors, and amounts to 4, 3 and 10% per quarter, respectively.
6. In light of the classic FF model the risk price is univariate due to HML, amounting to 5% per quarter.
7. The results of Gibbons et al. (1989) , and Shanken's (1985) tests are similar for both models.
